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Author Questionnaire

1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.


4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.  
If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position


To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)


Current Protocol Length
Number of Steps: 19
Number of Shots: 39

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer up to 2 introduction and up to 3 conclusion questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Answer in full sentences, the questions will not be displayed in the video. 
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

INTRODUCTION:

What is the scope of your research? What questions are you trying to answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

CONCLUSION:

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What questions will future research focus on?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 

2. Purification of His-Tagged VHH-mCherry from Transformed E. coli Using Immobilized Metal Affinity Chromatography (IMAC)
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, obtain a pellet of Escherichia coli bacteria transformed with VHH-mCherrry (V-H-H-M-Cherry) [1].  Add 30 milliliters of ice-cold binding buffer containing 20 millimolar imidazole in PBS to the bacterial cell pellet [2]. 
2.1.1. WIDE: Talent holding  a labeled tube containing transformed bacterial pellet. 
2.1.2. Talent adding 30 mL ice-cold binding buffer to the bacterial pellet.
2.2. With a pipette, resuspend the pellet thoroughly by pipetting up and down [1]. Transfer the resuspended mixture into a labeled 50-milliliter centrifuge tube [2].
2.2.1. Talent pipetting the cell mixture repeatedly to resuspend thoroughly.
2.2.2. Talent transferring the suspension into a labeled 50 milliliter centrifuge tube.
2.3. Supplement the resuspended cells with 200 micrograms per milliliter lysozyme, 20 micrograms per milliliter DNase I, 1 millimolar magnesium chloride, and 1 millimolar phenylmethylsulfonyl fluoride [1]. After incubating the tube at room temperature for 10 minutes, place it on an end-over-end rotator and continue incubation at 4 degrees Celsius for 1 hour [2].
2.3.1. Talent adding lysozyme, DNase I, magnesium chloride, and phenylmethylsulfonyl fluoride to the resuspended cells.
2.3.2. Talent placing the tube onto an end-over-end rotator set inside a cold room or refrigerated environment.
2.4. Next, insert a 6-millimeter solid probe tip of the sonicator directly into the cell suspension [1]. Mechanically disrupt the bacterial cells using three 1-minute sonication pulses at 40 percent amplitude and a duty cycle of 1 second on and 1 second off, allowing a 1-minute cooling interval between each pulse [2].
2.4.1. Talent positioning the sonicator probe tip directly into the cell mixture.
2.4.2. Talent operating the sonicator under the specified settings, showing cooling intervals.
2.5. Clarify the lysate by placing the tube in a centrifuge at 15,000 g at 4 degrees Celsius for 45 minutes to pellet the bacterial cell debris and intact bacteria [1].
2.5.1. Talent placing the tube into the centrifuge and closing the lid to start the run.
2.6. Keep the resulting cleared lysate on ice [1] while preparing for immobilized metal affinity chromatography using pre-packed, single-use His-tag purification columns designed for gravity-flow operation [2].
2.6.1. Talent placing the cleared lysate tube on ice.
2.6.2. Talent selecting gravity-flow His-tag purification columns from storage.
2.7. Secure nickel-nitrilotriacetic acid columns onto a metal stand or an appropriate column holder [1]. Then drain the storage buffer from the column completely [2]. 
2.7.1. Talent attaching the Ni-NTA columns onto a column rack or stand.
2.7.2. Talent draining the storage buffer from the purification column.
2.8. Equilibrate the column by adding 10 milliliters of binding buffer containing 20 millimolar imidazole in PBS [1]. Allow the buffer to pass through by gravity and discard the flow-through as biowaste [2].
2.8.1. Talent pouring binding buffer into the column for equilibration.
2.8.2. Talent discarding the flow-through into a biowaste container.
2.9. Gradually apply approximately 30 milliliters of the cleared bacterial lysate to the equilibrated column [1]. Allow it to pass through by gravity and discard the flow-through [2]. Then wash the column by applying two consecutive 10 milliliter volumes of binding buffer containing 20 millimolar imidazole in PBS [3].
2.9.1. Talent pouring 30 mL cleared lysate into the column.
2.9.2. Talent discarding the lysate flow-through.
2.9.3. Talent performing washes using binding buffer.
2.10. Elute the bound nanobodies by applying 2 milliliters of elution buffer containing 500 millimolar imidazole in PBS into a 2 milliliter microcentrifuge tube [1]. 
2.10.1. Talent eluting nanobodies into a 2-milliliter tube using the elution buffer.
2.11. Equilibrate a desalting column seated in a 50-milliliter tube adapter by rinsing five times with 5 milliliters of PBS [1]. Let the buffer fully enter the packed resin, then discard the flow-through [2]. After the final rinse, centrifuge the column at 1,000 g for 2 minutes [3].
2.11.1. Talent rinsing the desalting column with 1x PBS.
AUTHORS: Please perform only 1 rinse
2.11.2. Talent discarding the flow-through after the buffer enters the resin.
2.11.3. Talent placing the column into a centrifuge and spinning.

2.12. Now move the column with its adapter onto a new 50-milliliter collection tube after discarding the flowthrough [1]. Load 2 milliliters of the eluted functionalized nanobody onto the pre-equilibrated desalting column [2], then centrifuge again at 1,000 g for 2 minutes to collect the eluate before validating VHH-mCherry expression and purity [3].
2.12.1.  Talent placing the column over a new collection tube.
2.12.2. Talent loading 2 milliliters of eluted nanobody solution onto the column.
2.12.3.  Talent centrifuging the column to collect the buffer-exchanged eluate.


3. Live-Cell Imaging and Quantitative Analysis of VHH-mCherry Endocytosis Using Time-Lapse Fluorescence Microscopy
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. After initializing the automated live-cell imaging system, pre-heat the microscope's incubation chamber to 37 degrees Celsius with 5 percent carbon dioxide [1]. Transfer the ibidi microscopy chamber onto the microscope stage [2] and configure the acquisition settings [3].
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21131668
3.1.1. SCREEN: Talent switching on the live-cell imaging system and setting the incubation parameters
3.1.2. Talent positioning the ibidi chamber onto the microscope stage.
3.1.3. SCREEN: Show configuration of acquisition settings on the imaging software.
3.2. Set up two imaging channels using excitation and emission filters for EGFP and mCherry [1-TXT]. Choose a short exposure time and low illumination intensity to avoid photobleaching. Keep the settings constant for all experiments [2].
3.2.1. SCREEN: Configure filter settings for EGFP and mCherry in the imaging software.
TXT: EGFP ex: 470/20 nm, em: 517/20 nm;
mCherry ex: 550/15 nm, em: 590/20 nm
3.2.2. SCREEN: Adjust exposure time and intensity for both channels and save settings.
3.3. For each condition, store coordinates of 10 different fields of view containing 3 to 4 cells in focus in a point list [1]. Then capture a single snapshot of each position in the point list to serve as the reference image before adding VHH-mCherry [2].
3.3.1. SCREEN: Save positions in a point list with marked fields of view.
3.3.2. SCREEN: Acquire and display reference images for each position.
3.4. To initiate endocytosis, gently add 350 microliters of pre-warmed VHH-mCherry solution to each well while minimizing disturbance to the monolayer [1]. Incubate at 37 degrees Celsius with 5 percent carbon dioxide [2].
3.4.1. Talent gently adding VHH-mCherry solution into the wells.
3.4.2. Talent placing the chamber back into the incubation chamber.
3.5. Perform a time-lapse acquisition for 100 frames at 36 second intervals while maintaining 37 degrees Celsius and 5 percent carbon dioxide [1]. Order the channel acquisition sequence to image mCherry first, followed by EGFP to reduce photobleaching [2].
3.5.1. SCREEN: Display the time-lapse capture sequence setup.
3.5.2. SCREEN: Configure channel acquisition order in software.
3.6. Increase throughput by acquiring all positions sequentially and repeating this sequence at each time point [1].
3.6.1. SCREEN: Display sequential acquisition schedule across all time points.
3.7. To analyze endocytic uptake of VHH-mCherry, load the time-lapse image sets into the image analysis software [1]. Apply segmentation and tracking tools to quantify internalized fluorescence over time across different regions of interest [2].
3.7.1. SCREEN: Display time-lapse stack loaded into image analysis software.
3.7.2. SCREEN: Show application of segmentation masks and measurement plots tracking fluorescence intensity over time.

3.7.3. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 163.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Results 

4.1. All functionalized nanobody variants were purified to high yield and purity [1], with only VHH-mCherry exhibiting minor proteolytic degradation [2]. The degradation products of VHH-mCherry were confirmed as individual VHH and mCherry domains using epitope-specific immunoblot detection [3].
4.1.1. LAB MEDIA: Figure 1B. 
4.1.2. LAB MEDIA: Figure 1B. Video editor: Highlight the bands in lane 5  (VHH-mCherry) of the gel
4.1.3. LAB MEDIA: Figure 1C. Video editor: Highlight the bands in lane 5 across the anti-HA, anti-T7, anti-His6, and SA-HRP blots
4.2. In the absence of BirA (Birr-A), VHH-mCherry was recovered at approximately 20 milligrams per preparation, and biotinylation was confirmed by streptavidin-agarose pulldown of nanobody-BSA (B-S-A) mixtures [1].
4.2.1. LAB MEDIA: Figure 1D. Video editor: Highlight lanes 9 and 10 
4.3. EGFP(E-G-F-P)-tagged fusion proteins expressed in HeLa (Hee-lah) cells showed subcellular localization patterns consistent with their endogenous counterparts [1], including perinuclear localization of EGFP-CDMPR(E-G-F-P-C-D-M-P-R)  and EGFP-CIMPR (E-G-F-P-C-I-M-P-R) [2], exclusive perinuclear localization of EGFP-TGN46 (E-G-F-P-T-G-N-Four-Six) [3], and peripheral localization of TfR-EGFP (T-F-R-E-G-F-P) [4].
4.3.1. LAB MEDIA: Figure 2B. Video editor: Highlight the green and red channels in the first row for EGFP-CDMPR and CDMPR (top row) 
4.3.2. LAB MEDIA: Figure 2B. Video editor: Highlight the green and red channels in the second row for EGFP-CIMPR and CIMPR, (2nd row)
4.3.3. LAB MEDIA: Figure 2B. Video editor: Highlight the green and red channels in the third row for EGFP-TGN46 and TGN46 (3rd row)
4.3.4. LAB MEDIA: Figure 2B. Video editor: Highlight the green and red channels in the fourth row for TfR-EGFP and TfR (bottom row)
4.4. VHH-mCherry enabled live-cell visualization of endocytic transport of EGFP-CDMPR, showing increasing colocalization over 60 minutes [1]. Uptake of VHH-mCherry into EGFP-CDMPR-expressing cells reached a plateau after approximately 43 minutes, with a half-life of 9 minutes [2]. In TfR-EGFP-expressing cells, VHH-mCherry rapidly accumulated intracellularly, with a half-life of 4 minutes and saturation after 20 minutes [3].
4.4.1. LAB MEDIA: Figure 3A. Video editor: Highlight the merged images at 0, 10, 20, 30, and 60 minutes, showing progressive yellow overlap
4.4.2. LAB MEDIA: Figure 3C. Video editor: Highlight the curve showing saturation near the 40-minute mark
4.4.3. LAB MEDIA: Figure 3D. Video editor: Highlight the curve leveling off near the 20-minute mark
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